Calculation of laser beam intensity distribution in the focal plane of diffractive optical element was performed using software TracePro. To determine temperature fields occurring in the process of laser treatment of material, software of computational gas dynamics CFX version 15.0 and supercomputer "Sergey Korolev" were used. Temperature dependence of heat conductivity for the coating of the Ni-Al alloy produced by plasma spraying was determined. Alloy heat capacity was calculated based on additive rule. Besides, the temperature dependence of the absorption coefficient at CO 2 -laser treatment was also determined.
Introduction
Coating deposition on the components of gas turbine engine requires a sublayer. The sublayer is an intermediate tie coat, which compensates for differences in the coefficient of linear expansion of materials, as well as provides a higher adhesion strength. As reacting or thermoreacting nickel-aluminum powder is used as such material between the substrate and the sprayed coating. Thermally reactive powder is sprayed on the substrate by the method of plasma spraying. In this method, powder particles interact with a high-temperature plasma jet [1] [2] [3] . When the exothermically reacting powder is sprayed, its components react with the formation of new compounds and a significant amount of heat is released, that allows additionally heat the powder. To intensify the diffusion of the composite components of material, at least one component must remain in the liquid or gaseous phase.
To improve coatings characteristics, the heat treatment of sprayed coating is widely used [4] [5] [6] . Heat treatment is applied to improve the coating characteristics by following factors: an increase in the contact area of the coating and the substrate; reduction in material porosity; increase in the strength of interparticle bonds [7, 8] . Laser treatment of sprayed coatings is one of the methods to improve coating properties [9] [10] [11] [12] . Heat treatment of the sprayed coating can cause material cracking due to an increase the level of stresses during phase transformations. However, it is possible to realize laser treatment modes leading to a decrease in residual stresses. On purpose to reduce residual stresses in the absence of crack formation, the speed of laser spot moving along the substrate surface and the beam power density must be determined.
For the formation of the laser beam, various optical systems are used. However, none of them can provide the appropriate combination of such properties as the creation of the required power distribution, the concentration of the all energy of laser beam in the treatment zone of a given shape, and high reliability. The use of diffractive optical elements is promising [13] [14] [15] [16] [17] . Diffractive optical elements make it possible to form a predetermined beam intensity profile in the focal plane, carrying out the transformation of laser energy, chosen by calculation. The use of diffractive optical elements in the technology of laser material treatment reveals new possibilities for controlling the properties and operational characteristics of processed parts [18] [19] [20] [21] .
The aim of this work is to develop the mathematical model of laser treatment processes of the sublayer at coating deposition on the corps parts of a gas turbine engine using diffractive optical elements. It is known, temperature cycle can be a factor, which largely determines the state of processes in the treated materials. Similar approaches for mathematical model design can be used to study the formation of nanostructured materials by laser treatment. For calculations the software TracePro was applied. This software is designed for three-dimensional modeling of optical components surfaces, construction of the path of beams in optical systems and optical analysis. TracePro software make it possible to design the optical elements according to the equations of their surfaces. In TracePro realized the method of generalized ray tracing. Calculation of each beam incident on the surface of the optical element is performed taking into account absorption, reflection, refraction, diffraction and scattering.
The surface of the diffractive optical element is designed using the macro-language built in the TracePro software. It refers to the type of schematic programming languages that allow to compose macroprograms using loop and branch operators. We
We have obtained an expression describing the power density distribution ) , ( y x q in the form of equation for a strip heat source at beam power of Q =500 W: . An experimental determination of the laser beam power density distribution using DOE has been performed. To measure the power density distribution in the spot of the Rofin DC 010 CO 2 slab laser, a mechanical scanning method was applied. A standard power meter equipped with a square diaphragm with size of 10 -4 ×10 -4 m was used for these purposes. Results obtained in experimental researches correlate good with the calculated data. The relative error in determining the power density q did not exceed 5 ... 7%.
3.
Construction of a mathematical model of the heat processes of laser treatment of the sublayer during at spraying of a triggered coating on the body parts of a gas turbine engine using DOE To determine the temperature fields on the supercomputer "Sergey Korolev" both in the substrate and coating occurred at the laser treatment of material, software CFX 15.0 was used. To solve the problem, a finite-element model of the all coated working ring was built. To simulate cooling due to radiation and convective heat transfer, an air domain model was built. The calculation scheme is shown in Fig. 4 . Models of the coating and substrate for the sector at 30 ° were subdivided into hexagonal elements with an element edge size 2.5 • 10 -4 m (Fig. 5a) , while the remaining volume of rings consisted of tetrahedral elements. Air domain was subdivided by a tetrahedral grid as well. The region of the near-wall layer of air domain contained hexagonal elements, represented in Fig. 5b . Directly in the laser treatment area, the size of the elements of finite-volume was reduced.
Turbulence model SST was applied for these calculations. In this case the flow is characterized by low Reynolds numbers, and therefore for the correct simulation of detached flows, the values of the parameter y + are less than 1. These values y+ were achieved by choosing the geometrical characteristics of the finite-volume elements in the near-wall layer. The radiation from the walls was taken into account by connecting the Discrete Transfer model. Radiation characteristics of the surface were described by a gray body model. The upward movement of heated air due to a reduction in its density was taken into account by the Buoyant model.
The model had the following boundary conditions. The heat flow power was 500W. Heat flow of the laser source was determined by 125 heat source points with increment 2.5·10 -4 m. To simulate the convective cooling of the technological object, the opening air boundary was simulated in Fig. 4 . In the calculation model, it was possible to change the rotational speed of the treated body. In order to determine the temperature distribution of the ring during laser treatment, the following physical properties of the coating and substrate materials have to be specified: density, heat conductivity and heat capacity. In addition, to simulate the absorption of heat flow and ring cooling, it is necessary to determine the beam characteristics of the surface. At coating deposition the interaction of its constituent components is accompanied by chemical reactions that lead to the formation of material physical properties, which are different from original components. The change in the properties of materials as a function of temperature is not given with sufficient accuracy in known monographs and reference books. It led to the need for their calculation. The dependence of the heat conductivity on the temperature for coatings made of Ni-Al alloy obtained by plasma spraying in air was determined. Calculation of heat capacity Ni-Al alloy was performed based on the additivity rule. The temperature dependence of absorption coefficient under the action of CO 2 -laser was determined. It was necessary for estimating the amount of absorbed energy.
Conclusion
The calculation of intensity distribution of laser beam in the focal plane of the DOE was conducted. The software complex TracePro is used for calculation, which allows to build optical elements by the equations of their surfaces. The density distribution in the DOE focal plane at beam power of 500 W was determined. An expression is obtained that describes the power density distribution in the form equation for a strip heat source. The experimental determination of the laser beam power density distribution using DOE has been performed. A CO2 slab laser Rofin DC 010 was used. His the beam propagation parameter is 1.1. It is determined that the researchers of experimental studies correlate well with the calculated data. The relative error in determining the power density did not exceed 5 ... 7%.
Construction of a mathematical model of the heat processes of laser treatment of the sublayer during at spraying of a triggered coating on the body parts of a gas turbine engine using DOE is constructed. To determine temperature fields occurring in the process of laser treatment of material, software of computational gas dynamics CFX version 15.0 and supercomputer "Sergey Korolev" was used. Temperature dependence of heat conductivity for the coating of the Ni-Al alloy produced by plasma spraying was determined. Alloy heat capacity was calculated based on additive rule. Temperature dependence of the absorption coefficient at CO2-laser treatment was determined.
